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Introduction
The vermiform appendix's propensity for inflammation can lead to the clinical syndrome known as acute appendicitis (1) . Because of delays in diagnosis and the presence of comorbidities, infants and the elderly have an increased risk for complications. However, the advent of the latest diagnostic tools has made the diagnosis of appendicitis easier (1) . It was estimated that the risk of appendicitis is 6.7% in women and 8.6% in men. Irrespective of its frequency, appendicitis remains a mysterious disease and one of the most commonly misdiagnosed surgical emergencies (2) .
Over the years, the surgical modalities to treat appendicitis have advanced from conventional open techniques to minimally invasive techniques. Currently, laparoscopic appendectomy (LA) is an indispensable treatment technique for complicated appendicitis (3, 4) . LA offers the advantages of reduced incidence wound infection, reduced intraoperative and postoperative pain, shortened hospital stays, and fast return to normal bowel functions. Its disadvantages are lengthy operative time, intra-abdominal abscesses, and high costs (5) (6) (7) . Despite LA's advantages, efforts continue to be made to minimize visible scars and abdominal incision by means of SILS, NOTES, and several other techniques. However, these newer minimally invasive options need specialized equipment and increase financial costs, restricting their widespread use, particularly in rural and peripheral regions with limited resources (7) (8) (9) (10) .
Although it has some of the same limitations as other newer techniques, conventional three-port LA (CLA) has established its worth in the management of appendicitis. With respect to cosmetic outcomes, the port scar in the right or left iliac fossa is the only visible sign of surgery; the umbilical and suprapubic port scars are concealed by natural camouflage. The double-incision, three-port laparoscopic appendectomy (DILA) technique avoids this trocar scar. Unlike newer modalities such as SILS and NOTES, DILA does not need expensive specialized equipment. To date, no randomized studies have compared this reduced-port technique with standard multiport procedures, and its potential benefits and advantages over multiport surgery have not yet been proven. Both CLA and DILA have similar outcomes, but a randomized control trial is required to compare the two techniques. Therefore, the study was undertaken to assess the efficacy of DILA as an alternative and equivalent to CLA.
Materials and Methods
The present 1-year randomized controlled trial, which ran from January 2015 to December 2015, was conducted at the Department of General Surgery, Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi, India. Before commencing, the study was approved by the Ethical and Research Committee (Jawaharlal Nehru Medical College KLE University, Belagavi, India). Patients who fulfilled the selection criteria were informed about the nature of the study and provided written informed consent before initiation of the study. A total of 60 patients were assigned to one of two groups using the sequentially numbered, opaque envelope method; 29 patients were assigned to the CLA group and 31 to the DILA group.
Selection criteria
This study included 60 patients (age range, 15-60 years) who had been clinically and radiologically diagnosed with uncomplicated appendicitis and who were willing to undergo laparoscopic appendectomy.
Patients with bleeding disorders, an immunocompromised state, pregnancy, perforated appendicitis with peritonitis, aged <15 years, and previous major abdominal surgery such as exploratory laparotomy were excluded from the study. The detailed flowchart of patients involved in the study is shown in Figure 1 .
Collection of data
Patients were interviewed, and demographic data including age, sex, and the presenting symptoms were noted. Patients underwent a clinical examination and were evaluated for vitals and clinical signs. These findings were recorded on a predesigned form. Routine blood investigations including complete blood count, urine examination (routine and microscopy), blood urea and serum creatinine levels, and liver function test were performed. Patients also underwent an abdominal ultrasound. Diagnosis of appendicitis was based on disease history (right iliac fossa pain, vomiting, nausea, anorexia, and fever), clinical signs (McBurney's point tenderness and rebound tenderness), and laboratory tests (elevated leukocyte count). The preoperative diagnosis of appendicitis was confirmed by ultrasound of the abdomen and pelvis that revealed either probe tenderness in the right iliac fossa or a peristaltic, tubular appendix.
Intervention
Patients were placed in a supine position, combined with the Trendelenburg position and left lateral position (10) (11) (12) (13) (14) (15) , inclined toward the surgeon). All surgeries were performed by the same surgeon with the patient under general anesthesia. CLA was performed as documented Refused to participate (n = 8) Figure 1 Flowchart of patients involved in the study. CLA, conventional laparoscopic appendectomy; DILA, double-incision, three-port laparoscopic appendectomy.
in our previous report. For the DILA procedure, pneumoperitoneum was established through either the "closed" technique (using a Veress needle) or the "open" technique (Hasson blunt port insertion). A 1-cm incision was made in the skin near the umbilicus, and a 10-mm trocar and cannula were inserted. The camera was then introduced via the umbilical cannula. Under direct vision, a 5-mm trocar and cannula were introduced in the suprapubic region. The camera was shifted to the 5-mm suprapubic port, and under vision, a 5-mm trocar was inserted via the 10-mm umbilical port by extending the umbilical incision further by 5 mm. The camera was then moved back to the umbilicus (Figure 2) . The appendix was found in the conventional manner by identifying the cecal teniae. It was held with a grasper and elevated to display the mesoappendix. Dissecting forceps were used to create a window in the mesoappendix, and the appendicular vessels were coagulated. The appendix, free of its mesentery, was ligated at its base with Roeder's knots. The appendix was then divided between the Roeder's knots and removed through the 10-mm umbilical port under vision after the camera had been moved to the 5-mm suprapubic working port.
Postoperative care and outcome variables
Postoperative management was the same for both groups. Both were monitored for any complications until discharge from the hospital. The skin sutures were removed between postoperative days 7 and 10. Routine follow-up examinations were ordered for all patients during the first 2 months after surgery. Intraoperative and postoperative surgical outcomes such as operative time, postoperative pain (6 and 24 h after surgery), and cosmetic outcome were evaluated (Figures 3-4) . Pain score and cosmetic outcome were measured using the Visual Analog Score scale.
Statistical analysis
The data were analyzed using SPSS ver. 20.0 (Armonk, NY: IBM Corp). The categorical data were expressed as rates, ratios, and percentages. Fisher's exact test and χ 2 test were used to compare the data. Numerical data were compared by Student's t-test. P ≤ 0.05 at a 95% confidence interval was considered to be statistically significant. 
Results
In total, 29 underwent CLA, and 31 patients underwent DILA. Baseline characteristics of the study populations are shown in Table 1 . No significant differences were observed between the two groups for age, age groups, sex, diagnosis, additional intraoperative findings, or duration (P > 0.005). The mean operative time was slightly higher in the DILA group (27.6 AE 12.1 min) than in the CLA group (26.4 AE 7.9 min), but the difference was not statistically significant (P = 0.62). As such, overall mean operative time for both groups was almost equal.
Comparisons of postoperative pain in both groups at 6 and 24 h after surgery are shown in Table 2 . The postoperative pain score in the CLA group was slightly higher than that in the DILA group after 6 h (6.5 AE 1.4 vs 6.4 AE 1.2; P = 0.62) and after 24 h (4.3 AE 1.8 vs 4.1 AE 1.9; P = 0.484), but the difference was not statistically significant. The cosmetic outcomes of the patients in both groups are shown in Table 3 .
Discussion
Appendectomy is the most commonly performed surgery in surgical practice. Surgical management of appendicitis has advanced drastically from McBurney's single large incision and other open techniques to minimally invasive techniques (11) . LA has been shown to have more therapeutic and diagnostic advantages than conventional open surgery. Supportively, a meta-analysis conducted by Eypasch et al. also reported that laparoscopic group stayed less than 15 h in hospital and, compared to the conventional group, returned to work 5 days earlier and had pains scores that were 8 mm lower on a 100-mm Visual Analog Scale (5).
In the present era, LA is being replaced by numerous minimally invasive techniques that are performed transumbilically, such as single-port LA and two-port LA. This is also NOTES, which uses natural orifices such as the mouth, urethra, anus, and vagina to perform appendectomy (12) . NOTES has a superior cosmetic outcome to LA, but it has certain drawbacks such as requiring a multidisciplinary team; also, using the transvaginal route presents some ethical problems.
Several studies have compared CLA to SILS. They concluded that cosmesis is the primary advantage of singleincision LA. However, SILS has several limitations: it is difficult to perform, requires a bigger umbilical incision, carries a high risk of port-site incisional hernia, has a longer duration of surgery, and presents a steep learning curve (8, 9, 13) . As a bridge between CLA and SILS, numerous studies have been done in which the number of ports has been reduced; they have also compared CLA and SILS to port exteriorization appendectomy, needlescopic appendectomy, extracorporeal appendectomy, laparoscope-assisted appendectomy, and needle loop retractor appendectomy (6, (14) (15) (16) . The present study similarly compared CLA to DILA, but there was no reduction in the number of ports. However, moving a 5-mm port from the right iliac fossa to the umbilicus avoided the need for a large incision at umbilicus as in SILS and enabled scars to be hidden in the umbilicus.
The present study had an age limit-patients had to be age 15-60 years-and the most common age group was 20-40 years. These findings suggest that most patients who present with appendicitis are young. Most of the earlier studies in the literature observed that appendicitis is common in this age group (6, 17, 18) . In the present study, there were slightly more women in both groups. In the CLA group, 55.2% of the patients were women, and in the DILA group, 64.5% were; this difference was not statistically significant (P = 0.460). In a study that used a hypodermic needle to extracorporeally ligate the base of the appendix, Rammohan et al. reported a higher proportion of women (55%) than men (16) . In a study of 248 patients comparing single-port LA to CLA, 37.9% of patients had acute appendicitis and 32.6% had acute suppurative appendicitis (19) . In this study, the majority of patients in the CLA group (75.9%) and the DILA group (77.4%) were diagnosed as having acute appendicitis. Wani et al. conducted a study comparing singleincision LA and CLA (20) ; they observed additional findings in 23.3% of patients who had undergone SILS and 20.0% of those who had undergone CLA. In our study, additional findings were observed in 27.5% of patients in the CLA group and in 25.8% in the DILA group. The findings suggest that these other intra-abdominal pathologies can be dealt with comfortably during DILA without the need for extra ports.
In the present study, the mean operation time of 27.6 min in the DILA group was longer than that in the CLA group, but it was shorter than that reported in other studies of DILA. One study had a mean operative time of 35.74 min during extracorporeal ligation of the appendix (6) , and another had a mean operative time of 55.7 min when a needle loop retractor was used to retract and manipulate the appendix at McBurney's point (16) . When Donmez et al. introduced a needle grasper device at McBurney's point to hold the appendix, the procedure took 57.03 min (14) . These findings indicate that DILA is comparable and equivalent to CLA in terms of duration of surgery. As such, compared with CLA, DILA did not increase surgical difficulty. Furthermore, a retrospective study conducted by Lee et al. reported that once a surgeon had gained experience, the operative time decreased (21) .
In the first 6 h after surgery in this study, the mean postoperative pain was 6.5 AE 1.4 in the CLA group and 6.4 AE 1.2 in the DILA group; in contrast, Donmez et al. found that the mean postoperative pain was 4.37 in the CLA group and 4.25 in the DILA group (14) . The mean postoperative pain after 24 h was 4.3 AE 1.8 in the CLA group and 4.1 AE 1.9 in the DILA group. The mean operative pain after first 24 h was less in this study than in a study by Park et al., which found pain was 6.1 in the SILS group and 4.7 in the CLA group (22) . Postoperative pain may be unrelated the type of procedure performed. It could occur because of an acutely inflamed appendix and surrounding tissue inflammation, both of which cause pain postoperatively, even after the inflamed appendix is removed. Furthermore, shifting a port from the right iliac fossa to the umbilicus to reduce trauma does not greatly reduce pain (23) . In our present study, the groups experienced similar pain.
In CLA, the use of 5-mm ports in right or left iliac fossa region often leaves clearly visible scars. As we performed it, DILA did not require a right iliac fossa incision, and the suprapubic trocar was placed tactically below the waistline to make the procedure safe and feasible. It was difficult to find a universally accepted standardized tool to assess cosmetic outcomes. Ideas about good cosmesis are subjective; a scar that is satisfactory to one person may not be for another person. The cosmetic score in our study was measured using a 10-point Visual Analog Scale. The majority of the DILA group was highly satisfied with their scars. To date, no DILA studies have evaluated cosmetic results objectively, so there is need for other studies to likewise address this. Additionally, DILA patients may have a lower risk of developing port-site incisional hernia in the umbilicus than SILS patients. A retrospective study conducted between 1998 and 2008 found that a reduction in the number of trocars reduces the risk of trocar site adhesions. Similarly, because the DILA technique eliminates one site of peritoneal invasion, it reduces the chance of adhesion (24) . Furthermore, modification of 5-mm port from the right iliac fossa to the umbilicus did not increase surgical difficulty; there was no difficulty in manipulating the appendix.
Overall the results of this study suggest that DILA has acceptable operative outcomes that are equivalent to CLA, and it offers superior cosmetic results. DILA also has an advantage over SILS and NOTES in that it is safe, easy, and feasible, does not require specialized instruments, and is less expensive to perform. As such, DILA may be able to act as a bridge between CLA and SILS. Once surgeons gain experience and overcome learning curve, DILA has potential to replace CLA as a standard procedure. In the future, larger studies and multicenter trials will be needed to support the transition from CLA to DILA.
